Abstract. To identify the incidence and distribution of public hospital admissions in South Australia that could potentially be prevented with appropriate use of primary care services, analysis was completed of all public hospital separations from July 2006 to June 2008 in SA. This included those classified as potentially preventable using the Australian Institute of Health and Welfare criteria for selected potentially preventable hospitalisations (SPPH), by events and by individual, with statistical local area geocoding and allocation of relative socioeconomic disadvantage quintile. A total of 744 723 public hospital separations were recorded, of which 79 424 (10.7%) were classified as potentially preventable. Of these, 59% were for chronic conditions, and 29% were derived from the bottom socioeconomic status (SES) quintile. Individuals in the lowest SES quintile were 2.5 times more likely to be admitted for a potentially preventable condition than those from the top SES quintile. Older individuals, males, those in the most disadvantaged quintiles, non-metropolitan areas and Indigenous people were more likely to have more than one preventable admission.
What is known about the topic? Ambulatory care sensitive conditions, or selected potentially preventable hospitalisation separations (SPPH), are an indicator of the availability and effectiveness of primary health care. SPPHs are increasingly reported by area level disadvantage. What does this paper add? This paper offers analysis by individuals. It shows around three-quarters of individuals had one potentially preventable public hospital separation. The rate among those living in the most disadvantaged areas was more than twice that of lowest disadvantage areas. What are the implications for practitioners? Realising the potential for preventing potentially avoidable hospitalisation may involve focus on particular target areas and subpopulations. Potentially preventable separations by area of disadvantage can assist with monitoring performance and evaluating policy and program initiatives. Analysis by numbers of individuals will enhance this further.
Ambulatory Care Sensitive Conditions (ACSCs) are one indicator of the suboptimal availability and effectiveness of primary health care 1 in preventing hospitalisation for a range of conditions through primary prevention, early diagnosis, treatment and/or appropriate long-term management. 2 Other measures of assessing the impact of primary care, such as data derived from service throughput records or patient satisfaction surveys, have inherent weaknesses. They do not capture unmet need in the population at all, whereas ACSCs at least measure need where a condition has deteriorated. These other measures are also open to problems of validity and reliability given the incomplete coverage and sometimes poor quality of primary care service throughput data and the general lack of standardisation and low response rates in patient satisfaction surveys.
Variations of the ACSC indicator are widely published internationally with relevance and generalisability across a variety of contexts where funding source and coverage vary. [2] [3] [4] Some Australian jurisdictions report ACSCs, 1 whereas the Australian Institute of Health and Welfare reports selected potentially preventable hospitalisations (SPPHs A ) 5, 6 in relation to 21 conditions arranged into three categories:
Given their relevance to primary health care, SPPHs are increasingly and routinely reported by individual level income, 7 area level disadvantage 8, 9 and by Indigenous identification. 10, 11 As the distribution of SPPHs suggest inequity and inefficiency in the wider health system, 12 they can provide a useful addition to a suite of indicators aimed at improving equity in health system performance. 13 Often this leads to opportunities for pursuing cost savings for the health system through targeting small, localised areas and/or population subgroups. 7 To date, Australian SPPH analyses focus on the volume of hospital services delivered, owing to the availability of administrative data sets that are designed to count funded service activity rather than patient outcomes. An alternative is to count the individuals using those services. This is possible if separations associated with individuals can be identified, however, such an identifier is not routinely available in Australia.
This paper uses several (sometimes incomplete) fields within an administrative collection of public hospital separations in South Australia to examine the number of South Australians admitted to public hospitals for a selection of potentially preventable conditions in the period July 2006 to June 2008. In spite of the limitations of the method and data underpinning the estimates, the paper aims to identify who is currently experiencing potentially preventable hospitalisation by offering some insight into questions such as: 
Individuals
After assigning each separation a unique case number, the last digit of the recorded Medicare number was removed. Where valid Medicare numbers were available, the file was aggregated by Medicare number, date of birth and sex, with the first appearing case number retained for each 'individual'. Where the Medicare number was missing, separations were aggregated by date of birth, sex and postcode to identify further individuals, then the remainder were reaggregated by date of birth, sex, hospital and unit record number with individuals identified by first-appearing case number. From remaining unprocessed separations, a further set of individuals were identified by manually inspecting date of birth, sex, postcode and hospital/unit record.
Data analysis
Statistical analyses used STATA version 9.2 18 with all statistical tests two-tailed and P < 0.05 defining statistical significance. simultaneous testing of proportionate SPPH distribution by demographic variables across disadvantage quintiles. The relationship between individuals' SPPH separation numbers and available predictor variables was initially examined using Poisson regression. Due to evidence of overdispersion, the final multivariate model used negative binomial regression to increase the efficiency of the model estimates.
Results

Separations
Of 758 977 public hospital separations, 744 723 (98.1%) involved usual residents of SA, with 83 347 (11.2%) categorised as potentially preventable. Within these, diabetes complications involving renal dialysis involved 3923 separations (47 individual unit record numbers) and 79 424 SPPH separations remained after their removal. Box 1 details the distribution of those SPPH separations by categories and conditions. Whereas public hospital separations account for 74% of all SPPHs in SA, unpublished data not shown in this report indicated 28 442 (6.1%) separations from private hospitals were identified as being for potentially preventable conditions. Almost 30% of potentially preventable hospitalisations to public hospitals involve residents from the 20% of population in South Australia's most disadvantaged areas (Box 2). After adjusting for age and sex, separation rates decreased as area disadvantage decreased. The rate in the most disadvantaged quintile was 2.7 times greater than the least disadvantaged quintile.
Although there were no significant sex differences, a number of age differences were apparent. For each age group, separation numbers tended to be highest among residents in areas of greatest disadvantage and lowest in areas of least disadvantage. Two exceptions were the third quintile's results for the 85 years and over age group, and younger ages in quintiles four and five where figures were higher than the general trend. After the infant years, the general increase in separation numbers in line with increasing age is similar across quintiles. The relative change within quintiles varies markedly though. At both ends of the age spectrum, the proportion of separations involving infants and persons aged 75 or more in areas of least disadvantage were significantly higher compared with most disadvantage. In the 35-64 years age group, the opposite occurred and 31% of separations involved residents of most disadvantaged areas compared with 21% in areas of least disadvantage. Hospital separations involving Indigenous people were generally overrepresented, and remarkably so in areas of most disadvantage. To a lesser, but still significant, extent residents from nonmetropolitan areas were also over-represented.
Individuals
The separations data from public hospitals included Medicare number, 5.9% (4679) of which were missing. People identified as Indigenous were over-represented in such separations and accounted for 11.2% of those cases. After applying the automated procedure for identifying individuals, 387 separations were manually inspected and a further 313 individuals identified.
Of 54 573 individuals identified, 41 930 (76.8%) had a single separation. The remaining 12 643 (23.2%) accounted for 37 494 (47.2%) of separations.
Twice the number of individuals from high disadvantage areas experienced a single separation compared with those from lowest disadvantage (Box 3). This increased to an almost threefold difference among individuals having multiple separations. There were no statistically significant sex differences in the number of individuals within each level of area disadvantage.
The absolute number of individuals in each age group generally decreased as disadvantage reduced. However, the relative distribution of individuals by age within each quintile varied. The 35 to 64 years age group from more disadvantaged quintile areas was significantly over-represented, whereas the opposite was the case for the 75 years and over age group. The association between individuals and area disadvantage reduced in the 85 years and over group such that the greatest number of individuals came from the middle quintile. Indigenous people continued to be significantly over-represented, as were nonmetropolitan residents.
A gradient in SPPH rates for individuals was apparent across disadvantage quintiles (Box 4). Residents of most disadvantaged areas were two-and-a-half times more likely to be hospitalised compared with residents of least disadvantaged areas (4807.0 and 1906.5 persons per 100 000 respectively). The effect is more marked among people having more than one SPPH separation. In those cases, the difference in rates increased such that individuals 
Multivariate analyses
Each of the available variables (sex, age, IRSD, Indigenous status and region) contributed significantly to an initial Poisson regression model. Due to evidence of significant overdispersion (G 2 > 26 000, P < 0.001), a subsequent binomial regression model (Box 5) was preferable for predicting the characteristics of individuals' experiencing more than one SPPH separation.
Multiple SPPH separations were significantly more likely for patients who were male (P < 0.001), living in a more disadvantaged area (P < 0.001 for IRSD Quintiles 1 and 2, and A Rate per 100 000, sex and age adjusted.
P < 0.01 for Quintile 3, when compared with Quintile 5), for those in non-metropolitan areas (P < 0.001) and for those of Indigenous ancestry (P < 0.001). Although multiple SPPH separations among individuals aged 55 to 74 years were 6% more likely compared with those aged 75 or more (P = 0.04), lower age was generally associated with a reduced likelihood of multiple separations.
Discussion
Consistent with previously published research, South Australian inpatient data for public hospitals reveal substantial differences in the distribution of hospitalisations that might potentially be prevented with appropriate primary health care. Separations for potentially preventable conditions were more likely to involve residents from areas of increased relative disadvantage, with separation rates for patients from such areas being 2.7 times greater than for those from the least disadvantaged areas (Box 2; quintile 1 : quintile 5 ratio). Rates of potentially preventable separations for Indigenous persons and residents of nonmetropolitan areas were also higher than for their nonIndigenous and metropolitan counterparts.
The results of this analysis at the individual patient level add to our understanding by showing that a relatively small, but nonetheless significant, number of public hospital patients experience multiple separations for conditions amenable to preventive intervention. Approximately three-quarters of individuals identified (41 930) had a single separation involving a potentially preventable condition, whereas the remaining quarter of individuals (12 643) accounted for almost half the separations (37 494).
These individuals experiencing multiple separations were even more likely to be from an area of greater disadvantage (quintile 1 : quintile 5 rate ratio of 2.9). Having developed a condition severe enough to result in hospitalisation, the odds of multiple admissions increased with age and also for males, Indigenous people and residents from areas of higher disadvantage and non-metropolitan areas.
In 2006-07, the SPPH rate ratio between most: least disadvantaged areas for all Australia was 1.6 (observed across all jurisdictions and including both private and public hospitals). 6 In SA, when private as well as public hospital separations are used, the equivalent figure is also 1.6 for the 2006-07 and 2007-08 financial years. However, as noted above, when public hospital separations are considered alone, the rate ratio (quintile of most : least disadvantage) rises to 2.7.
Also in line with other Australian studies, non-metropolitan residents 1, 5, 6 and Indigenous people 10 were over-represented in separations for potentially preventable conditions.
Although conditions and definitions associated with SPPH or ACSC vary across published analyses, the existence of differences in separation rates by socioeconomic status and for Indigenous people observed in this study are consistent with international literature also. In the United States, higher separation rates exist in low versus high income areas 7, 12 and among black Americans compared with white. 12 In Canadian analyses using income quintiles, the separation rate ratios of lowest : highest quintiles were around 2.0 8 and observed separations for Indigenous people were 2.5 times that of the general population. 4 Exact identification of individuals and particularly of Indigenous individuals is not possible using the methods selected for this analysis. Aside from the obvious difficulties with a proxy individual identifier, a further potential bias arose because disproportionately more Indigenous hospital separation records were missing Medicare numbers. Greater accuracy in the identification of individuals from current local administrative health data sets will only be possible when a data linkage program such as that currently being established in SA is fully operational (see https://www.santdatalink.org.au/).
Anomalous results in the 75 years and over age group could be due to the concentration of residential aged care facilities within advantaged areas, particularly in the Adelaide metropolitan area. 20 This would tend to lead to frailer, older individuals, regardless of their socioeconomic background, being recorded as resident in relatively advantaged areas. Separation rates among older people may also be influenced by relatively earlier death and/or a healthy survivor effect occurring in disadvantaged areas, leading to decreased hospitalisation for potentially preventable conditions. Additionally, it is possible that more complex cases in older age groups move from private to public hospitals for treatment.
As it stands, the SPPH indicator is a limited measure of hospitalisations that might be preventable, or avoidable. It includes all ages, with categorisation based on coding rather than individual history. In other respects it is limited, as it omits other preventable conditions in mental health, substance use, and injury. Additionally, without an individual level measure of disadvantage, it is not possible to examine the relative influence on these data of highly disadvantaged individuals living in low disadvantage areas and vice versa. 
Conclusions
Within these limitations, using the ACSC indicator in the approach taken in this study offers a valuable perspective on system performance. In describing aspects of turnover (total separations) and population health outcomes (likelihood and frequency of hospitalisation) the study has uncovered the potential to improve health system performance by decreasing potentially preventable separations for residents of disadvantaged areas both in absolute and relative terms. Not only were SPPH rates higher for individuals from disadvantaged areas, but so was their likelihood of having multiple separations once they were hospitalised. Preventing individuals from more disadvantaged areas experiencing a potentially preventable hospitalisation is more likely to avoid multiple separations.
To realise this potential, it may be appropriate to focus on particular target areas 7 and subpopulations. Current South Australian responses to the population health need for better access to primary care include:
* programs aimed at maintaining a healthy lifestyle; * 'GP Plus' Health Care Centres to promote better health and manage chronic conditions; and * a range of 'out of hospital care' services for identified patients at high risk of hospitalisation.
21
These policy and program initiatives are supported by monitoring and evaluation activities and the inclusion of potentially preventable hospital separations by area of disadvantage as a key performance measure. 13 
